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All previous spacecraft cmccmntcm  with small solar-system bodies, such as
as{cmicls and comets, have bcm flybys (e. p,, Galileo’s flybys of the asteroids
Gaspra and lcla). Several future projects plan to build on the flyby cvqwrimcc
and progress to the next ICWC1  with rmdcwvous and orl~it ll~issiol~s  to s]l~all
bodies. ‘1 ‘his presents sevma] ncw issues ancl cl~allm~cs for navi~aticm which
have never been ccmsiderecl  before. ‘1 ‘his paper addresses these cl]allen~cs by
cl~aractcviziing  the different phases of a small bcdy  rcmde7.vous and by
describing tlw navigation requirements and gc)als c)f each phase.

1 ‘rim to the encounter with the small bocl y, improvcmcmts to its ephemeris
and initial estimates of its physical parameters, e.g. size, shape, mass, rotaticm
rate, rotation pole, and pc)ssib]y cmt~assin~,  ar~ made as accurately as gyound-
basecl measurements allow. l’his characteri~atic)n  can take place over years.

“1’his  paper does not specifically discuss the cruise of the spacecraft from
launch to the small body, since it is essentially like any c)thcv spacecraft
traveling through interplanetary space. As a result, the next phase begins at
optical acquisition of the bcvdy by tlw spacecraft and continues until delivery
of the probe to some nominal distance (thousands of kilometers) from the
body. ‘lhc highlight c)f this phase is a series of mancuvms,  targeted to tlw
boc]y, which virtually eliminate the spacecraft’s hyperbolic cIxccss ve]ocity,
allowing the spacecraft to approach the body at a reduced spmcl.

As the spacecraft approaches tlw bc)cly, a]~ optical information base is bccun.
lkom this, a better estimate of the body’s  si~e, shape, attitude dynamics and
mass can be dcwelopcc].  “1’his leads to a preliminary gravitational mcdc].  If
the body is a comet, then the major jets on the comet surface arc lc)cated and
preliminary estimates of the outgassing ficlcl must bc made. I’hc spacecraft
then enters into an initial orbit abc)ut the body, normally at a greater a]tituclc
than the primary mission phase. “IhcI  ~ravitatimal  harmonics and mass of
the body arc cstimatecl,  ant] if the body is a cmnet, the olltgassinc  ficlcl is also
estimated, ~’his is a crucial checkout  pmiocl WIIOC  the ]nissicm  plans ant]
control algorithms are evaluated in th actllal mlvirol-l~llcl~t  at the sl~~all
body.
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Af[er accom]>lishin~  the goals of the previous phases, the lnission pllasc
be~ins.  l’his phase consists of an ex{endccl period of orbits about  the body, and
may a]so inc]uclc  the c]e]ivcry of a probe to t]]c surface of the body. ‘J’hc small
si~,c and mass of the body, as well as its irrc[;u]ar shape, will subjec( the
spacecraft to large pcr[urbatims  from [gravitational harmonics, solar pressure,
and llc)l-l-~,]”a~~itatio~lal  effects. ‘Jhesc effccls  become  morcI significant when
orbitin~ a small body, comparmd  to a classical planetary orbiter. ‘1’lw
]lel’tllrllatic)llsalld tlwirc’ffcct cmt he orbit arecstimatccl. If tlle]>el.lllrl>atiolls
arc too large, or the rcquircvnmts for controlling the orbit arc too stringmt,
so]ne clc~rcc of autonomous llavi~ation may bc ncccssary.

l;or the purpose of this study, tl~c above rmclc2,vous  and orbit scenario has
hen divided inic) the followin?,  five phases:

1. l’rcwmcounter  cllaractcli7<ati[JIl
2, l[ncounter and Rmduvous  phase
3. lllitial  (’lla]actc)iy,  atio]l  ])hasc
4. lnitia] Orbit phascI
5. Mission phase

‘J’his paper will identify the mmt impor[ant issues in each of the above
pllascs,  discuss ways of overcoming tlw challcmgm that accmilpally these
issurs,  and provic]e a lnc’thodolo~y  with whicl I to approach navigatio] I for
small body missions.


